The present paper is aimed to investigate theoretically the quantum confinement in 
INTRODUCTION
Films of Cd1 − xZnxS are attracting considerable interest in both fundamental and applied research [1] [2] [3] [4] [5] . In fact, Cd1 − xZnxS is a wide band gap n -type semiconductor having strong potential as a window material in hetero junction solar cells with a p-type absorber layer like CuInSe2 [6] . Moreover, the Cd1-xZnxS is useful for fabricating p -n junctions without lattice mismatch in devices based on quaternary compounds like CuInxGa1-xSe2 or CuSnSzSe1-z [7] . technological applications, Cd1-xZnxS QDs are of great interest as well. We can cite red-lightemitting diodes (LEDs) fabricated using CdSe/ Cd1-xZnxS quantum dots (QDs) [20] , blue (∼440 nm) liquid laser with an ultra-low threshold achieved by engineering unconventional ternary CdZnS/ZnS alloyed-core/shell QDs [21] and fluorescent CdS QDs used for the direct detection of fusion proteins [22] . Recently, Cd1-xZnxS QDs have become one of the most promising materials in solar cell fabrication [23] . The current challenge is, now, to use these QDs for designing a new class of nanostructure devices such as the non -volatile memories [16] [17] [18] [19] .
Concerning the growth of Cd1-xZnxS QDs, there are several methods like the inverted micelles [24] , the selective area -growth technique [25] , the single source molecular precursors [26] , the colloidal method [27] and the Sol gel technique [28] . For characterization experiences made on Cd1-xZnxS QDs, we can cite the studies given by Refs. [6, 29, 30] .
In a realistic description, the electronic properties of Cd1-xZnxS QDs, embedded in a dielectric matrix using the Sol -gel technique, have to be studied using spherical geometry. Based on this model, two approaches have been proposed to illustrate the potential energy, a potential with an infinite barrier [1, [8] [9] [10] and a potential with a finite barrier [11, 13] at the boundary. The latter potential has the advantage to predict the coupling between QDs. However, the spherical geometry does not lend simply to calculate the band edges of coupled QDs, especially along different quantization directions. In order to around this difficulty, the Cd1-xZnxS QDs have been, in a previous work, studied in such a way that electrons and holes are assumed to be confined in dots having a flattened cylindrical geometry with a finite barrier height at the boundary [12] . As an experimental support, absorption data obtained on Cd1-xZnxS nano crystals grown by sol gel technique [6] have been used [12] . More precisely, a fitting, which consisted to oblige the optical band gap to coincide with the effective band gap calculated for Cd1-xZnxS QDs, has been made [12] . By restricting this investigation to the ground state, the shape of the confinement potentials, the quantized energies, their related envelope wave -functions and the QDs sizes have been calculated [12] .
In the present work, this study is extended to the excited states. Moreover, a peculiar attention is paid for the oscillator strength associated with inter sub band transitions.
Calculations will be made versus the ZnS molar fraction. The paper is organized as follows: after an introduction, we present the theoretical formulation. In the following, we report numerical results and discussion. The conclusion is presented in the last part.
THEORETICAL FORMULATION
The system to simulate consists of an electron and a hole, both being confined in a Cd1-xZnxS QD capped inside a dielectric host matrix. The QD being studied is assumed to having a cylindrical geometry of radius R and a height L. Moreover, we suppose that the diameter is larger than the height in such a way that the quantum confinement along the transversal directions of the cylinder can be disregarded. On the other hand, the electron and hole confinements are assumed to be uncorrelated. Using these approximations, the problem to solve reduces to that of a one -dimensional potential. Hence, the electron and hole states in a QD are given from the Hamiltonian:
where  is the Plank's constant, m * is the effective mass of free carriers, z is the direction perpendicular to the QD base and V(z) represents the potential energy. The subscripts e and h refer to the electron and hole particles respectively. Based on the flattened cylindrical geometry assumption, V(z) can be modeled by a square -shaped potential with a width L and a barrier height V. In deriving the Hamiltonian H, we have adopted the effective mass theory (EMT) and the band parabolicity approximation (BPA) as well. The mismatch of the effective mass between the well and the barrier has been neglected. Therefore, we distinguish two kinds of solutions:
(i) The even states: in this case, the wave functions are given by: 
with the condition:
where:
(ii) The odd states: in this case, the wave functions are given by: 
In the following, the confinement energies will be noted as: Ee= En for the electrons, Eh= HHn for the heavy holes and Eh= LHn for the light holes with n = 1, 2 … The electron band parameters used in the present work are listed (Table 1) . These parameters were treated as fitting parameters [12] . 
RESULTS AND DISCUSSION

The Electronic States
The relevant values of the HH2 state for heavy holes and LH1 state for light holes are illustrated versus the Zn molar fraction (Figure 1 ). In the latter, we have also plotted the confinement energy HH1 of the hole ground state taken from Ref. [12] . We have fitted the xdependence of the hole sub bands by using polynomial laws. The fitting method is based on the origin 8 software. Analytical expressions obtained are summarized ( Table 2 ). As can be noticed from obtained results: (i) the sub bands HH1, HH2 and LH1 shift up in energy as Zn composition increases, (ii) opposite to the ground state HH1, the excited sub bands HH2 and LH1 show a more rapid increasing with the increase of Zn composition. This trend is mainly due to the xdependence of the barrier potential Vh. Indeed, the latter parameter has been found to increase with increased Zn composition [12] .
For electrons, Figure 2 shows the sub band energies calculated as a function of Zn composition. It has been found that: (i) the excited electron state E2 is resonant up to the composition x = 0.6 (ii) this state is, however, detected as a localized state in the quantum well for the Zn composition range 0.8  x  1. Since, the well width L being the same and the effective mass * e m remains practically unchanged for all Zn compositions, this result is presumably related to the barrier potential height Ve. Indeed, this parameter is found to increase with x [12] . In the Figure 2 , we have also plotted the confinement energy of the E1 electron ground state taken from
Ref. [12] . Table 2 reports the x-dependence of this energy.
On the other hand, an analysis of the obtained results for electrons and holes reveals: (i) the hole confinement is not large going from CdS to ZnS, compared to that obtained for the electrons.
This trend is mainly due to the large difference between the electron and hole effective masses in CdS, ZnS and in their alloys, (ii) there is an agreement with results obtained from the spherical geometry in terms of the magnitude order [13] . Once again, this confirms, the validity of the flattened cylindrical geometry.
The Oscillator Strength
Also discussed in the paper is the efficiency of emission in Cd1-xZnxS QDs. This characteristic is illustrated by the oscillator strength. For the Cd1-xZnxS system being studied, our calculation shows that the oscillator strength is null when the inter band transition corresponds to an electron state and a hole state of a same parity. For the other situations, we can distinguish two cases:
(i) The inter sub band transition happens between an even electron state (E.E.S) and an odd hole state (O.H.S). In this case, the oscillator strength is given by:
where bulk g E is the band gap for bulk Cd1-xZnxS. Values of this parameter are taken from Ref [31] and reported (Table 3) , Z is the one dimensional operator position and 
where 
CONCLUSION
In summary, we have calculated the discrete energy spectrum of Cd1-xZnxS QDs. As a geometry model, we have considered flattened cylindrical QDs with a finite potential barrier at the boundary. For electrons, heavy holes and light holes, we have calculated the excited sub bands by using the one dimensional quantum well eigen functions. We have also computed the oscillator strength of inter sub band transitions. Calculations were extended in the all composition range from CdS to ZnS.
It is worth to notice that computation of excited bound states for electrons and holes is of great interest. Indeed, in Cd1-xZnxS QD structures with higher Zn composition, the excited states, 
